© 00 N o u b~ W N R

W W W N N N N N N N N NN P P P P R pP R Rp p p
N P O VW 00 N O U1 B W N P O W 0 N OO 1 B W N P+ O

Investigation of the genetic structure of some common bean (Phaseolus vulgaris L.)
commercial varieties and genotypes used as a genitor with SSR and SNP markers

Omer AVICAN? and Behiye Banu BILGEN®*

! Agricultural Biotechnology Department, Graduate School of Natural and Applied
Sciences, Tekirdag Namik Kemal University, Tekirdag, Turkey
2 May-Agro Seed Company, Bursa, Turkey
3 Agricultural Biotechnology Department, Faculty of Agriculture, Tekirdag Namik
Kemal University, Tekirdag, Turkey

*Correspondence: Dr. Behiye Banu Bilgen, Tekirdag Namik Kemal University, Faculty
of Agriculture, Agricultural Biotechnology Department, Tekirdag, Turkey. Tel: (+90)
282 250 22 91; Fax: (+90) 282 250 22 99; E-mail: bbilgen@nku.edu.tr

16-digit ORCID: 0000-0001-8323-2509

Acknowledgements
We gratefully acknowledge Hasan Ozgur SIGVA for scientific and technical support for
SNP analysis.

RESEARCH ARTICLE


mailto:bbilgen@nku.edu.tr

© 00 N OO 1 B W N B

N P P R B R R R PR R R
O O 00 N OO L B W N L O

N
=

Abstract

Common bean is a species belonging to the Phaseolus genus of the Leguminosae family. It has economic
importance due to being rich in protein, vitamin A and C, and minerals. Being one of the most cultivated
species of legumes, the determination of genetic diversity in bean genotypes or populations has an
important role in terms of our genetic resources. The objective of this study was to evaluate the genetic
structure of 94 genotypes which were cultivated in different parts of the world and our country with SSR
and SNP markers. 10 SSR loci and 73 SNP primers were used for the determination of genetic structure
in commercial cultivars and breeding lines. All of the SSR and SNP loci used in the study were found to
be polymorphic. A total of 89 alleles were identified for 10 SSR loci. Mean number of alleles per locus
(Na=8.9), effective allele number (Ne=3.731), Shannon information index (1=1.468), observed
heterozygosity (H0=0.023), and expected heterozygosity (He=0.654) were calculated based on SSR
analysis. According to the results of Bayesian-based STRUCTURE analysis using SSR and SNP data, 94
bean genotypes were genetically divided into three main clusters. According to genetic similarity based
UPGMA dendrogram obtained from SSR and SNP analysis, 94 bean genotypes were divided into 2 main
clusters. The obtained results provide important information about the genetic structures of the studied
bean cultivars and breeding lines. With the obtained results, it will be possible to develop breeding

programs to develop new cultivars by using our gene resources.
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Introduction

Common bean (Phaseolus vulgaris L.) belongs to the Leguminosae family which consists of 727 genera
and approximately 19,000 species. Some economically important species such as beans, chickpeas,
lentils, soya, broad beans, and peas are members of this family. Five species belonging to the genus
Phaseolus were cultivated for human nutrition in the world (P. vulgaris, P. coccineus, P. acutifolius, P.
lunatus, and P. polyanthus (Gaitan-Solis et al. 2002; Lewis et al. 2005). Leguminosae is the second
largest flowering plant family with 1013 species belonging to 71 genera in Turkey. Around 400 of these
species are endemic to Anatolia with the rate of 40% endemism (Erik and Tarikahya 2004; Toksoy et al.
2015).

Phaseolus vulgaris is the most preferred type of bean species for economic and scientific
purposes. The P.vulgarisis native to America and it was believed that domestication occurs from
northern Andean and from Mesoamerican populations as two gene pools (Cortes 2013; Cortes and Blair
2017; Assefa et al. 2019). Common bean was brought to Europe at the beginning of the 16th century as an
ornamental plant. After the introduction of common bean lines, their agriculture increased over time and
started to be grown in almost every part of the world (Rodino and Drevon 2004). Common bean
cultivation in Turkey, especially for fresh pod and dry seed, dates back to the 17th century (Bozoglu and
Sozen 2007).

Common bean is an important part of the human diet due to its higher protein content (>22% of
their dry weight) compared to some cereals such as rice and wheat (Alzate-Marin et al. 2003;
Chandrakanth and Hall 2008). The fresh pods and seeds of common bean have approximately 90% water,
and they are rich in A and C vitamins. Due to the high nutritional value, being suitable for consumption in
different ways (fresh, dry, canned, pickled, etc.), being rich in minerals such as phosphorus and iron
besides its protein source, common bean is one of the vegetables with the highest consumption in our
country (Akcin 1973). The bean, which has an important position in agricultural production, stands out
because it contains the protein, vitamins, complex carbohydrates, and minerals (Ca, Mg, K, Cu, Fe, Mg,
and Zn) necessary for a healthy life (Miklas et al. 2006; Marotti et al. 2007; Blair 2013). In addition to
being consumed as a nutrient, beans are an important type of plant due to enriching the structure of the
soil, increasing the amount of organic matter in the soil, accumulating nitrogen, and using plant residues

as a component of commercial feed mixtures (Smith and Huyser 1987).

Fresh common bean production in Turkey is 547,349 tons and dry bean production is 279,518
tons annually (TUIK, 2020). Phaseolus vulgaris is the most cultivated legume plant in the world with
19,042,406 tons of fresh pods and 20,698,984 tons of dry seed production (Blair et al. 2006; Galvan et al.
2006; Miklas et al. 2006; Benchimol et al. 2007). The top three producers of fresh beans in the world are
China, Indonesia, and Turkey according to average production from 1994 to 2018. In addition, India,

Brazil, and Myanmar take the first three places in the average production of dry beans for the 1994-2018

3



© 00 N OO U1 B W N B

W W W W W N NN N N NN N NMNDNNMDN P RFPRP R P R PR P R R 2
A W N P O O O N OO UL B W N PFP O O OO NO UL WNN - O

w
(93]

w w
N O

range (FAO 2019). The large genetic diversity of beans is one of the reasons for such wide cultivation in

the world and Turkey and also the increased usage of common bean in breeding studies over the years.

Turkey is significantly rich in plant genetic resources due to its location at the crossroads of the
Mediterranean and the Near East gene centers. Moreover, Turkey has extensive biodiversity in terms of
habitat types, geomorphological structure, climate, and topographic features (Ozhatay and Byfield 2005;
Ozhatay et al. 2011). To protect the plant gene resources of our country, it is necessary to determine the
genetic diversity, genetic and morphological characterizations of our plant resources and also evaluate the
potentials of the species for various studies such as breeding. Especially with the advances in molecular
biology and genetics in the last 50 years, the emergence and development of modern biotechnology have
gained importance. The recent developments in DNA marker technology has reached high levels and has
provided valuable tools in various genetic analyses, from phylogenetic analysis to the cloning of genes. It
is possible to easily determine the genetic structure, create molecular maps, and label the characters of
interest by PCR-based markers. Researchers have utilized various molecular markers to conduct
molecular genetic studies in common bean populations/genotypes (Metais et al. 2001, 2002; Duran et al.
2005; Sicard et al. 2005; Angioi et al. 2010; Buah et al. 2017; Carucci et al. 2017).

In Turkey, the number of studies in which bean gene resources are defined by morphological or
molecular methods has started to increase in recent years. In this study, the aims were: 1) to identify the
genetic structure of studied common bean cultivars and breeding lines by SSR and SNP markers, 2) to
determine lines that can be used for the establishment of breeding programs by revealing genetic

relationships between studied common bean cultivars and breeding lines.

Materials and methods

Plant materials

In this study, a total of 94 bean genotypes (Phaseolus vulgaris, Phaseolus acutifolius, and Phaseolus
coccineus) were used. These included 79 commercial bean varieties that were cultivated in different
regions of the world and Turkey and 15 breeding lines used in our breeding programs. The bean
genotypes included in the study were P. vulgaris nanus: Determinate-Bush and P. vulgaris comminus:
Indeterminate-Climber bean forms (Table 1). Each bean genotype was grown in the greenhouse under
controlled conditions. Fresh leaf samples (300 mg) from 94 genotypes were collected in a 96-well Qiagen

tissue collection plate and they were stored at - 80°C until DNA extraction.

DNA extraction
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DNA extraction was performed with Qiagen DNA Extraction Instrument (QlAcube-HT). Each tissue
sample was ground using Tissue Lyser Il for 2 min. The quantification and qualification of isolated DNASs
were performed with Thermo Scientific™ NanoDrop™ One Microvolume UV-Vis Spectrophotometer.

The DNA samples were preserved at - 20°C till PCR analysis.

SSR analysis

Ten SSRs (BM141, BM143, BM152, BM160, BM172, GATS91, PV-at002, PV-ctt001, PV-ag001, and
PV-at007) were used for the genetic characterization of P. vulgaris genotypes (Yu et al. 2000; Gaitan-
Solis et al. 2002). The fluorescently-labeled M13-tailed primer method was used for PCR amplification
(Schuelke 2000). The characteristics of the SSR primers were indicated in Table 2.

The PCR amplifications were performed as described in Yu et al. (2000) and Gaitan-Solis et al.
(2002) with the Applied Biosystems® Veriti™ Thermal Cycler. PCR products were controlled by 2%
agarose gel electrophoresis (1X TBE buffer, 110 V, 120 min). Gel Imaging System Vilber Lourmat
Quantum ST5 was used to visualize the agarose gels. The size of SSR fragments was determined by 3500
Genetic Analyzer (Applied Biosystems, Life Technologies, UK) capillary electrophoresis and
GeneMapper Software 5.0 (Applied Biosystems).

SNP Analysis

128 SNP loci represented 11 P. vulgaris chromosomes were selected from Blair et al. (2013) for
genotyping of 94 bean samples. For the SNP analysis Roche LightCycler® DNA Master HybProbe
Master Mix and ROCHE -LightCycler® 480 Instrument II Real Time PCR were used.

Data analysis

For each SSR locus, observed allele size range (bp) and observed allele number were determined. In
statistical analysis of SSR data, allele frequencies, allele numbers (Na), effective allele numbers (Ne),
Shannon’s information index (I), heterozygosity levels (Ho and He), and polymorphic information
contents (PIC) were estimated by the software GenAlEx Version 6.3 (Peakall and Smouse 2006).

Population structure based on SSR and SNP data was evaluated using STRUCTURE 2.3.4
(Pritchard et al. 2000) as described in Blair et al. (2009). Analyses had a burn-in length of 50,000
iterations and a run length of 100,000 iterations after burning. Ten replicates were carried out for each K
value (K=1 to K=10) (Evanno et al. 2005). STRUCTURE HARVESTER was used in order to determine
the best K value (Earl and vonHoldt 2012). NTSYS-pc Version 2.2 was used to analyse SSR data and
construct a dendrogram (Rohlf 2002).
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In the SNP analysis, after the Real Time PCR process was completed, the genotypes in the SNP
region were determined by Melting Point analysis. The binomial data matrix was created by scoring the
raw data obtained in the SNP analysis according to present (1) or absent (0). NTSYS-pc Version 2.2
computer program was used to evaluate the distance matrix and dendrograms (Rohlf 2002). Phylogenetic
trees were created using UPGMA and SAHN grouping programs in grouping similar data to create

similarity dendrograms of the studied genotypes.

Results

The polymorphism level of studied 10 SSR loci was estimated as 100%. Totally 89 alleles (mean value =
8.9 alleles/locus) were determined. Evaluating all studied commercial varieties and breeding lines,
BM141, GATS91, and PV-at007 loci have the highest number of alleles (13 alleles), and BM160 has the
lowest number of alleles (3 alleles). 11 alleles were observed in BM143 and BM152 loci. The remaining
SSR loci have 7 or 6 alleles (Table 3). Table 3 indicates genetic diversity parameters estimated in the
studied P. vulgaris genotypes with 10 SSR loci. PIC values were calculated for SSR loci ranged from
0.854 to 0.289. The mean PIC value was estimated relatively high (0.621). Based on SSR analysis, the
overall mean number of effective alleles per locus (Ne) was 3.731 £ 0.628 (varied from 1.440 to 7.539).
The overall average value of Shannon’s information index (I) was calculated as 1.468. The highest value
of 1 was observed in the GATS91 locus (2.211) and the lowest in the BM160 locus (0.579). Estimated
values of mean expected heterozygosity (He) and observed heterozygosity (Ho) were 0.654 and 0.023,

respectively (Table 3).

The ideal K value was calculated by STRUCTURE HARVESTER (Earl and vonHoldt 2012)
program in the SSR based STRUCTURE analysis for 94 different genotypes (Pritchard et al. 2000). The
optimal number of subpopulations was found for K = 3 (Fig. 1). Bayesian-based STRUCTURE analysis
showed that 94 bean genotypes were distributed between 3 main groups (Fig. 2). NTSYS-pc Version 2.2
was used to evaluate the distance matrix and dendrogram (Fig. 3). Genetic diversity was found in the
range of 0.17 - 1.0 for all studied bean genotypes. Some of the genotypes such as OT1/SK15, SK11/SB2,
OT28/SK7/SB7, OB3A/ST3 had genetic diversity value of 1.0. Two main clusters were observed for 94
bean genotypes in the diversity matrix based dendrogram. Cluster-1 had 7 genotypes and Cluster-2 with 3

subgroups had 87 genotypes.

According to SNP analysis, 73 out of 128 studied SNP primers were polymorphic for the studied
P. vulgaris genotypes. Evaluating polymorphic SNP primers’ melting peak profiles, with each peak as an
allele, revealed highest allele group for SNP51 and SNP65 (5 alleles) primers. SNP13, SNP22, SNP28,
SNP61, SNP62, SNP69 and SNP72 primers had the lowest allele groups (2 alleles). The number of allele

groups and PIC values for SNP primers were given in Table 4. Calculated PIC values were varied
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between 0.042 and 0.523. The mean PIC value was 0.337. SNP59 has the highest PIC value (0.523),
whereas SNP61 and SNP69 had the lowest PIC value (0.042).

The binomial data matrix was created by scoring the raw data obtained in the SNP analysis
according to the presence (1) or absence (0). The ideal K value was calculated by STRUCTURE
HARVESTER (Earl and vonHoldt 2012) program in the SSR based STRUCTURE analysis for 94
different genotypes (Pritchard et al. 2000). The optimal number of subpopulations was found for K = 3
(Fig. 4). Bayesian-based STRUCTURE analysis showed that 94 bean genotypes were distributed between
3 main groups (Fig. 5). NTSYS-pc Version 2.2 was used to evaluate the distance matrix and
dendrograms. The dendrogram created as a result of the SNP analysis is given in Figure 6. When the
dendrogram was examined, it was observed that the genetic diversity varied between 0.46 and 1.00. 94
bean genotypes used in the study are divided into 2 main clusters in the dendrogram. At the same time,
the two main clusters were divided into subgroups, differentiating bean varieties to a large extent and
gave successful results in obtaining the expected subgroups. The degree of kinship of bean genotypes was
determined with the help of Euclidean similarity index coefficients, and 3D graphics were created for
SNP (Fig. 7). Clusters formed by the studied bean genotypes were observed in accordance with the results
in UPGMA dendrograms.

Discussion

DNA fingerprinting studies using molecular markers (especially SSR and SNP markers) have a high
impact on revealing the differences between genotypes (Assefa et al. 2019). In this study, important
information about the genetic structure of 94 genotypes from commercial bean varieties and breeding
genotypes cultivated in the world and different regions of Turkey has been obtained via molecular
markers. 89 polymorphic bands were obtained by using 10 SSR primers. The mean number of
polymorphic bands per primer is 8.9. Blair et al. (2006) were performed SSR analysis (129 SSRs) in order
to determine the genetic structure of 43 P. vulgaris genotypes and 1 P. acutifolius obtained from different
regions of America, and the polymorphism rate obtained with genomic microsatellites was determined as
(0.446). In the study of Kwak et al. (2009), the average number of alleles was determined as 16 with 26
SSRs in bean genotypes collected from different geographical regions. Burle et al. (2010) were analysed
67 SSRs in 279 bean genotypes collected from Brazil and the average number of alleles was calculated as
6. Since Brazil is one of the gene centers of the bean, high genetic diversity has been reported among the
genotypes there. In Cabral et al. (2011), 16 SSR markers were used to determine genetic diversity in 57
bean genotypes collected from the Brazilian region, 13 SSRs were found to be polymorphic, and the
number of alleles obtained from these markers was calculated as 29 and the average number of alleles per
locus was calculated as 2.2. Khaidizar et al. (2012) reported 72 alleles at 30 SSR loci in bean genotypes
sampled from North Anatolia. Bilir et al. (2019), a total of 192 alleles were identified in 13 SSR markers,

and the average number of alleles per locus was reported as 14.8. In the study of Ekbic and Hasancaoglu

7
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(2019), it was stated that 63 alleles (polymorphism rate 73%) belonging to 18 SSR loci in bean genotypes
and the average number of alleles per locus was 2.55. The average number of polymorphic bands

obtained by the researchers is close to the values we obtained from this study.

Shannon information index (1), which is one of the genetic diversity parameters, was calculated
from 0.579 to 2.211. Hence, this high I value (mean 1.468) indicates high variation within genotypes. The
mean observed heterozygosity (Ho) was calculated as 0.023 and the mean expected heterozygosity (He)
was calculated as 0.654. Since the genotypes used in this study belongs to commercial varieties and
breeding materials, most of the samples have homozygous genotypes and therefore Ho was low. In Bilir
et al. (2019), the observed heterozygosity was calculated as 0.452 and the expected heterozygosity was
0.724. Valentini et al. (2018) reported that genetic diversity (h) on 18 SSR loci in 109 bean genotypes
sampled from Brazil was 0.44. In Valentini et al. (2018), 4 groups were observed in which two Andean
and two Mesoamerican genotypes clustered within themselves at K=4. Pereira et al. (2019) reported He
as 0.55 and Ho as 0.05 in 17 bean varieties. Pereira et al. (2019) using the toucher method and evaluating
27 SSR loci, 17 bean genotypes formed 4 different groups in their clustering analysis. In the study of
Carucci et al. (2017), the genetic structure of Italian local bean cultivars was analysed with 12 SSR loci,

the Ho value was calculated as 0.24.

According to the results of the Bayesian-based STRUCTURE analysis based on the SSR data
conducted within the scope of the study, 94 bean genotypes were genetically divided into 3 main groups.
However, phylogenetic trees were created using UPGMA and SAHN grouping gave 2 main groups.
When the results of STRUCTURE analysis and UPGMA dendrogram were compared, it has been
observed that obtained SSR data could not able to differentiate bean genotypes exactly. Such a result may
be due to the type and number of markers selected and used in this study. Therefore, it was planned to
select and use a different marker type and SNP analysis was performed. Burle et al. (2010) reported that
279 bean genotypes found in Brazil were divided into two groups (K=2), Andean and Mesoamerican, as a
result of STRUCTURE analysis. Blair et al. (2012) reported that 108 bean genotypes were divided into 5

groups as Andean, Colombian, Ecuadorian, Northern Peruvian, Guatemalan, and Mesoamerican.

For SNP analysis, 73 of 128 SNP primers were selected from different regions of 11
chromosomes of P. vulgaris, and they were determined as polymorphic. The mean PIC value was
calculated as 0.337. In Cortes et al. (2011), the SNP diversity was performed in beans, the mean PIC
value of 94 SNP primers in 70 bean genotypes (28 Andean and 42 Mesoamerican) was reported as 0.437.
In the study, 2 main clusters with Andean and Mesoamerican gene pools were observed in 70 bean
genotypes cultured and it was reported that SNP analysis differentiated these groups as expected. Blair et
al. (2013), in a study conducted on P. vulgaris to screen for parental polymorphism and to determine
genetic diversity, 736 SNPs were primarly scored in 236 different bean genotypes and the mean PIC
value was calculated as 0.328. The mean PIC value of the SNP primers we used in our study was

determined between the average PIC values obtained by Cortes et al. (2011) and Blair et al. (2013). SNP
8
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markers are highly sensitive markers based on single nucleotide polymorphism, and also the SNP primers
have a very high power to discriminate between genotypes/populations. In the study conducted by Nemli
(2013), 105 SNP markers were used to determine genetic diversity in 66 bean genotypes. The PIC values

obtained in the study were calculated between 0.97 and 0.04 (mean PIC value=0.65).

According to the results of the Bayesian-based STRUCTURE analysis based on the SNP data, 94
bean genotypes were genetically divided into 3 main groups. UPGMA dendrogram gave 2 main groups.
Based on the dendrogram created as a result of SNP analyses, it was observed that the genetic diversity
ranged between 0.46 and 1.00. When the dendrogram and STRUCTURE results were examined in detail,
it has been observed that obtained SNP data could differentiate bean genotypes successfully as expected.
In addition, the genotypes of P. acutifolius and P. coccineus species used as standard (control) varieties
appeared in separate groups. Thus, SNP is an efficient and effective approach for genotyping the bean
genotypes and analysing genetic relatedness for large-scale screening. In Cortes et al. (2011), KASPar
technology was used to develop SNP markers in 70 bean genotypes belonging to the Andean and
Mesoamerican gene pools. In that study, 84 genomic and 10 EST-SNP markers were developed and it
was reported that the Mesoamerican and Andean gene pools were successfully separated using these
primers. Compared to the Mesoamerican gene pool, more diversity was observed in individuals belonging
to the Andean gene pool. In addition, it has been reported that SSR and SNP markers are ideal markers

when used together in bean diversity studies.

Various DNA marker systems are used in genetic diversity studies, and the comparison of the
use of these systems is extremely important for molecular plant breeding studies and analysis.
Interlaboratory transfer of the DNA marker systems is necessary for standardization and comparison of
the data obtained in order to obtain reproducible results. Thus, the financial costs of the work done are
reduced and time can be saved. Garcia et al. (2004) used different marker systems (SSR, RFLP, AFLP,
and RAPD) to determine genetic diversity in tropical maize species. Geleta et al. (2006) reported that
both SSR and AFLP techniques were effective in their genetic diversity study among Sorghum
genotypes. Cortes et al. (2011) reported that SSR and SNP markers are ideal markers when used together
in diversity studies in beans. In the study conducted by Ulukapi and Onus (2012), genetic analyses were
made using SCAR and SSR markers in beans, and a UPGMA dendrogram was created based on SCAR
and SSR data of 39 genotypes.

Although the classical breeding studies in many agricultural plant species have reached the
desired rate, the use of molecular markers in the development of new genotypes and varieties has made
significant contributions to breeding programs. Classical and molecular breeding programs are created by
adding DNA markers that provide valuable data to existing breeding programs that are developing very
rapidly. It is important to reveal the genetic relationship between bean species, breeding lines under
development in bean breeding programs, and existing commercial bean varieties in detail, as well as in

family selections, genetic analyses for various purposes, and in the planning of breeding programs.
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Genetic diversity analyses of owned gene resources also allow the use of data at molecular, geographic,
functional, and morphological levels (Lu et al. 2009). Genetic distance and proximity studies provide the
emergence of differences between the studied genotypes and contribute to increasing the genetic diversity
in the gene pool in breeding programs. The more genetic distance the genotypes have from each other, the
greater the variation seen. These openings seen in breeding genotypes shape the selection and the more
variation is obtained, higher the chance of success of the breeding program, which makes it easier for the
breeder to reach the goal. Performing genetic analyses in genetic diversity studies, determining distance
and proximity conditions, contributes to the creation of new populations and to obtain high yielding
combinations with heterosis. Plant breeders use the evaluation of genetic diversity using various methods
as an alternative selection method, the genetic diversity data obtained helps to organize the studied
genotypes into groups. Thus, the creation of the most promising hybrid combinations among genotypes
with known morphological, agronomic, and genetic features allows the creation of combinations that can
be cost and time effective (Souza et al. 2008). In this study, it was aimed to determine the genetic
closeness-distances by obtaining the bean species, breeding lines and commercial varieties, and
phylogenetic tree from the data obtained by using molecular methods and to use these data in the breeding
program. The importance of the study is clearly revealed, as it reveals the possibility of increasing the
chance of success both in the selections to create new strong populations and in the selections in the
formation of productive hybrids, by revealing the kinship relations between the lines via molecular

markers.
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Figure legends

Fig. 1 Delta K graph for obtaining optimal K value for 94 bean genotypes with 10 SSRs

Fig. 2 Population structure of the 94 bean genotypes genotyped with 10 SSRs assuming K = 3
Fig. 3 Distance matrix based dendrogram constructed by using 10 SSRs

Fig. 4 Delta K graph for obtaining optimal K value for 94 bean genotypes with 78 SNPs

Fig. 5 Population structure of the 94 bean genotypes genotyped with 73 SNPs assuming K = 3
Fig. 6 Distance matrix based dendrogram constructed by using SNPs

Fig. 7 3D graphic obtained using the Euclidean similarity index as a result of SNP analyses
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Fig. 7 3D graphic obtained using the Euclidean similarity index as a result of SNP analyses

22



N

Table 1 Phaseolus vulgaris, Phaseolus acutifolius, and Phaseolus coccineus genotypes

used for the assessment of SSR and SNP diversity

Genotype Abbreviations Studied number
Dwarf Bean Semi Dry OB 11
or Dwarf Borlotti
Dwarf Dry Bean OK 4
Dwarf Slicing Bean oT 41
Pole Semi Dry or Pole SB 8
Borlotti
Pole Dry Bean SK 16
Pole Slicing Bean ST 11
Phaseolus acutifolius P. acutifolius 2
Phaseolus coccineus P. coccineus 1
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Table 2 SSR and M13 primers used in the study

Primer Sequence 5' > 3'
M13-FAM 5'-FAM-TGTAAAACGACGGCCAGT 3'
BM141-F 5 TGTAAAACGACGGCCAGTTGAGGAGGAACAATGGTGGC 3
BM141-R 5 CTCACAAACCACAACGCACC 3
M13-PET 5'-PET-TGTAAAACGACGGCCAGT 3'
BM143-F 5" TGTAAAACGACGGCCAGTGGGAAATGAACAGAGGAAA 3
BM143-R 5 ATGTTGGGAACTTTTAGTGTG 3'
M13-NED 5-NED-TGTAAAACGACGGCCAGT 3'
BM152-F 5' TGTAAAACGACGGCCAGTAAGAGGAGGTCGAAACCTTAAATCG 3'
BM152-R 5' CCGGGACTTGCCAGAAGAAC 3'
M13-VIC 5-VIC-TGTAAAACGACGGCCAGT 3'
BM160-F 5' TGTAAAACGACGGCCAGTCGTGCTTGGCGAATAGCTTTG 3'
BM160-R 5' CGCGGTTCTGATCGTGACTTC 3'
M13-FAM 5'-FAM-TGTAAAACGACGGCCAGT 3'
BM172-F 5' TGTAAAACGACGGCCAGTCTGTAGCTCAAACAGGGCACT 3
BM172-R 5' GCAATACCGCCATGAGAGAT 3'
M13-FAM 5'-FAM-TGTAAAACGACGGCCAGT 3'
GATS91-F 5 TGTAAAACGACGGCCAGTGAGTGCGGAAGCGAGTAGAG 3
GATS91-R 5 TCCGTGTTCCTCTGTCTGTG 3'
M13-VIC 5-VIC-TGTAAAACGACGGCCAGT 3'
PV-at002-F 5 TGTAAAACGACGGCCAGTGTTTCTTCCTTATGGTTAGGTTGTTTG 3'
PV-at002-R 5" TCACGTTATCACCAGCATCGTAGTA 3
M13-PET 5-PET-TGTAAAACGACGGCCAGT 3
PV-ctt001-F 5 TGTAAAACGACGGCCAGTGAGGGTGTTTCACTATTGTCACTGC 3'
PV-ctt001-R 5' TTCATGGATGGTGGAGGAACAG 3
M13-NED 5-NED-TGTAAAACGACGGCCAGT 3
PV-ag001-F 5' TGTAAAACGACGGCCAGTCAATCCTCTCTCTCTCATTTCCAATC 3'
PV-ag001-R 5 GACCTTGAAGTCGGTGTCGTTT 3'
M13-NED 5'-NED-TGTAAAACGACGGCCAGT 3'
PV-at007-F 5TGTAAAACGACGGCCAGTAGTTAAATTATACGAGGTTAGCCTAAATC 3
PV-at007-R 5' CATTCCCTTCACACATTCACCG 3'
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1 Table 3 Genetic diversity parameters of studied 10 SSR loci (N = Sample size, Na = mean number of alleles per locus, Ne = effective number of alleles, |

2 = Shannon’s information index, Ho = observed Heterozygosity, He = expected heterozygosity (Nei 1987), PIC = Polymorphic information contents)
3

Observed allele Most frequent allele

Locus N . frequency Na Ne | Ho He PIC
size range (bp) (allele size, bp)

BM141 94 196-252 0.510 (243) 13 3.096 1.560 0.021 0.677 0.644
BM143 94 133-187 0.432 (149) 11 4.001 1.756 0.011 0.750 0.723
BM152 94 104-150 0.489 (108) 11 3.458 1.689 0.021 0.711 0.686
BM160 94 198-203 0.805 (198) 3 1.479 0.579 0.042 0.324 0.289
BM172 94 94-128 0.474 (112) 6 2.967 1.292 0.021 0.663 0.608
GATS91 94 232-276 0.208 (248) 13 7.539 2.211 0.031 0.867 0.854
PV-at002 94 258-268 0.828 (262) 6 1.440 0.696 0.010 0.306 0.294
PV-ctt001 94 160-193 0.354 (193) 7 3.672 1.469 0.042 0.728 0.683
PV-ag001 94 157-175 0.422 (175) 6 2.934 1.264 0.021 0.659 0.597
PV-at007 94 210-234 0.274 (212) 13 6.723 2.166 0.011 0.851 0.836
Mean 94 - - 8.9 3.731 1.468 0.023 0.654 0.621

Standard Error 1.169 0.628 0.171 0.004 0.061 0.058
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1 Table 4 SNP allele groups and PIC values

SNP Code Allele PIC SNP Code Allele PIC

Groups Groups
SNP1 3 0.187 SNP38 4 0.450
SNP2 3 0.376 SNP39 3 0.412
SNP3 3 0.371 SNP40 4 0.462
SNP4 3 0.403 SNP41 3 0.399
SNP5 2 0.331 SNP42 3 0.268
SNP6 3 0.394 SNP43 3 0.388
SNP7 3 0.393 SNP44 3 0.411
SNP8 3 0.377 SNP45 4 0.375
SNP9 3 0.405 SNP46 3 0.332
SNP10 3 0.375 SNP47 3 0.386
SNP11 3 0.391 SNP48 3 0.291
SNP12 3 0.349 SNP49 3 0.295
SNP13 2 0.362 SNP50 3 0.149
SNP14 3 0.375 SNP51 5 0.436
SNP15 3 0.314 SNP52 3 0.118
SNP16 4 0.319 SNP53 3 0.152
SNP17 3 0.352 SNP54 3 0.318
SNP18 3 0.329 SNP55 3 0.261
SNP19 3 0.384 SNP56 3 0.385
SNP20 3 0.291 SNP57 2 0.270
SNP21 3 0.386 SNP58 3 0.390
SNP22 2 0.326 SNP59 4 0523
SNP23 3 0.387 SNP60 3 0.388
SNP24 3 0.378 SNP61 2 0.042
SNP25 3 0.393 SNP62 2 0.116
SNP26 3 0.425 SNP63 3 0.119
SNP27 3 0.388 SNP64 3 0.288
SNP28 2 0.358 SNP65 5 0.458
SNP29 3 0.390 SNP66 3 0.298
SNP30 3 0.349 SNP67 3 0.363
SNP31 3 0.100 SNP68 3 0.391
SNP32 3 0.414 SNP69 2 0.042
SNP33 3 0.163 SNP70 3 0.389
SNP34 3 0.384 SNP71 3 0.466
SNP35 3 0.415 SNP72 2 0.367
SNP36 4 0.407 SNP73 3 0.377
SNP37 3 0.288
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